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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a relief valve 
with a flexible membrane for use in a miniature hydraulic 
unified fluid circuit module. 

[0002] The current state of the art in unified fluid circuit 
technology involves using a flexible layer or membrane 
which is sandwiched between blocks of acrylic or similar 
materials. Cavities are machined into the blocks to cre- 
ate valves, and when joined together, these valves must 
be opened and closed by a separate air line that is 
switched between pressure and vacuum. Other gases 
or liquids can be used for such control. In order to switch 
between pressure and vacuum, a source of control is 
needed and this usually consists of a three way solenoid 
valve and electronic controls. A separate valve and con- 
trol is usually necessary for each fluid valve. 
[0003] Often, simple fluid circuits with flow in just one 
direction become overly complex because of the extra 
control valves needed. This adds to the cost, size, power 
requirements and heat output of the overall system. 
[0004] In US 3,844,529 a fluid amplifying or control 
valve is disclosed. The fluid valve has a plurality of open- 
ings extending to a main internal chamber formed there- 
in, and a membrane extending across said internal 
chamber separating the internal chamber into upper and 
lower regions. The membrane is responsive to a pres- 
sure signal applied to one side thereof for restricting the 
flow of fluid from pressure supply through the region op- 
posite the side of the membrane where the pressure sig- 
nal is applied, giving rise to an increase pressure differ- 
ential across the restricted area. Using the present valve 
as an amplifier, the high pressure area of the pressure 
differential is a linear amplification of the pressure input 
signal. 

[0005] From DE-A-3 209 643 a valve is known, which 
comprises two elements with a membrane in between. 
The first element serves for conducting the fluid medi- 
um, whereas the second element serves for moving the 
membrane pneumatically. Both elements are separated 
by the membrane. 

[0006] "me second element is a hollow body, which 
can be set under pressure to close the valve by pressing 
the membrane into a closing position or can be set under 
vacuum for opening the valve by releasing the mem- 
brane from that closing position. 

SUMMARY OF THE INVENTION 

[0007] The main object of the present invention is to 
eliminate the disadvantages of the prior art valves and 
to provide a relief valve which will allow flow in only one 
direction and will act passively. This will eliminate the 
need for three way solenoid valves along with associat- 
ed tubing, power requirements and control system. 
[0008] Other objects and advantages of the present 



invention are achieved in accordance with the present 
invention by a relief valve comprising first and second 
rigid layers having a flexible layer mounted there-be- 
tween and means forming at least one cavity on one side 
5 as well as on the other side of the flexible layer. The 
flexible layer is mounted so as to be moveable into one 
extreme position in the cavity. A control passage opens 
into the cavity on one side of the flexible layer and inlet 
and outlet passages are in communication with the cav- 

io jty on the other side of the flexible layer. The inlet and 
outlet passages are prevented from communicating 
when the flexible layer is in one extreme position and 
means are provided for applying a first fluid pressure to 
the control to bias the flexible membrane into that one 

is extreme position. As a result, inlet fluid will flow from the 
inlet passage to the outlet passage when the pressure 
of the inlet fluid exceeds the first fluid pressure. 
[0009] The cavity has a concave surface. A rigid back- 
ing member is mounted on the flexible layer. The rigid 

20 backing layer preferably extends to overlie the openings 
of the inlet and outlet passages. The rigid backing layer 
acts to increase the surface area of the seal and in-, 
crease the cracking pressure. 
[0010] In one embodiment, the inlet passage opens 

25 into the cavity at a central portion of the concave surface 
and the outlet passage opens into the cavity at one side 
of the central portion. In order to effect good sealing by 
the flexible layer when in the extreme position, in a pre- 
ferred embodiment, the concave surface has a ridge 

30 around the opening of the inlet passage. 

[001 1 ] The relief valve in accordance with the present 
invention can be used in fluid systems and in fluid sys- 
tems and components that are bolted, clamped, solvent 
welded or bonded together by adhesives or by fusion 

35 bonding as disclosed in U.S.P. 4,875,956. 

[0012] The cavity can be configured with a concave- 
convex surface and with passageways shown in co- 
pending application S.N. [Miles 229], filed on the same 
date as this application and assigned to the same as- 

<o signee. 

[001 3] The relief valve in accordance with the present 
invention is preferably used in unified fluid circuits for 
clinical diagnostic analyzers for hematology, chemistry, 
chemical and immunology. 
45 [001 4] These and other features of the present inven- 
tion will be described in more detail in the following de- 
tailed description with reference to the drawings, where- 
in: 



[0015] 

Fig. 1 is a sectional view of a relief valve; 

55 

Fig. 2 is a detail of an alternative embodiment of 
Fig. 3; and 
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Fig. 3 is a sectional view one embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0016] In Fig. 1, which is not an embodiment of the 
present invention, rigid layers 1 0 and 20 have a flexible 
layer 30 mounted there-between. Rigid layer 10 has a 
planar surface 1 2 and rigid layer 20 has a cavity demar- 
cated by concave surface 25. 
[0017] A control passageway 11 extends through the 
rigid layer 1 0 into the cavity and is connected to a source 
of low pressure 2. 

[0018] Rigid layer 20 has an inlet port consisting of 
passageway 21 and passageway 22 which opens into 
the cavity at surface 25 at a central portion thereof as 
shown. An outlet port consisting of passageway 23 and 
passageway 24 opens at concave surface 25 to one 
side of the passageway. 

[0019] In order to effect improved sealing during the 
operation of the relief valve, preferred embodiment to 
the invention according to claim 1 is shown in Fig. 2 
wherein rigid layer 20* at concave surface 25', has a 
ridge 26 encirling the opening of passage 22' into the 
cavity. As a result of this structure, the flexible mem- 
brane 30 will better seal against the ridge 26 without 
leaking. 

[0020] Low pressure source 2 provides a low pres- 
sure to the chamber demarcated by the surface 12 and 
the flexible layer 30 to press the flexible layer 30 into the 
extreme position shown in Fig. 1 so that there is gener- 
ally no communication between the inlet port and the 
outlet port. 

[0021] Since the pressure is constant, there is no 
need for a solenoid valve with ail of the associated tub- 
ing and a control system to operate it. The relief valve 
will act in a passive manner. Several relief valve cham- 
bers can be machined into a single block of rigid layers 
so that a single pressure source can be common to all 
and only one pressure supply tube is needed to feed 
many relief valves. 

[0022] The pressure level from the pressure source 2 
into the low pressure chamber formed between surface 
25 and flexible layer 30 is the cracking pressure of the 
relief valve. When the pressure at the inlet port exceeds 
both the low pressure supplied to that low pressure 
chamber and the pressure at the outlet port, fluid will 
flow from the inlet to the outlet. Since the flexible layer 
as constructed acts like a flexible membrane rather than 
a rigid membrane, the size of the inlet or outlet ports are 
of no consequence. The chamber pressure must be 
higher than the outlet pressure to prevent reverse flow. 
Very often in analytical instruments, the inlet port will be 
subjected to a vacuum during a cycle and this will create 
an even tighter seal and with the constant low pressure 
applied to the low pressure chamber. 
[0023] In the embodiment of the invention shown in 
Fig. 3, the relief valve 100 has two rigid layers 110 and 



120 with a flexible layer 130 there-between. In this em- 
bodiment, the rigid layer 110 has a cavity formed by a 
concave surface 1 1 2 and a control passage 1 1 1 to which 
a source of low pressure fluid 200 is applied. 

s [0024] The rigid layer 1 20 has an inlet port consisting 
of passage 121 and 122 which opens at the center of a 
concave surface 1 25 which forms a cavity in the second 
rigid layer 1 20. An outlet port is formed by passages 1 23 
and 1 24 which opens at the concave surface to one side 

io of the passage 1 22. 

[0025] In this embodiment, the flexible layer 130 
which acts like a flexible membrane in the cavities, has 
a rigid backing layer 140 disposed thereon and facing 
concave surface 112. The rigid backing layer increases 

15 the surface area of the flexible membrane, since it pre- 
vents the deformation of the membrane at the passages 
122 and 124. 

[0026] As in the embodiment of Fig. 1 , the opening of 
passage 122 at surface 125 can be surrounded by a 
20 sealing ridge as in the embodiment of Fig. 2. 

[0027] The rigid backing is preferably configured to 
have the same curvature as the concave surface 125 
and extends to overlie both of the openings of passages 
122 and 124. 

25 [0028] The cracking pressure of the relief valve in this 
embodiment is the inlet pressure that is sufficient to 
move the rigid back flexible membrane off of the inlet 
seat and allow for flow. This occurs when the force on 
the inlet side exceeds the force from the low pressure 

30 chamber side which is between the flexible layer and 
the concave surface 112. The force on the inlet side in 
the closed position is a function of the inlet pressure and 
the inlet port area and can be expressed by the equa- 
tion: 

35 

Fi = PiAi 

where Fi is the force on the inlet side, Pi is the pressure 
^0 at the inlet and Ai is the area of the inlet port. 

[0029] The force from the chamber side is a function 
of the chamber pressure and the area of the rigid back- 
ing member and may be expressed by the equation: 



45 



Fc = KPcAb 



where Fc is the force on the chamber side, Pc is the 
pressure in the chamber, Ab is the area of rigid backing 

so and K is a proportionality constant. 

[0030] The pressure and area at the outlet port also 
have a small effect on the cracking pressure. The inlet 
and outlet port sizes as well as the size of the rigid back- 
ing member and the pressure level in the low pressure 

55 chamber all have an effect on the cracking pressure and 
can be sized independently in order to get the flow char- 
acteristics desired from the relief valve. 
[0031] In summary, a higher cracking pressure is 
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achieved for a given low pressure with the backing layer 
than without it. 

[0032] Thus with the same pressure supply tube feed- 
ing many relief valves, the individual relief valve crack- 
ing pressures can be varied by varying the area of the 
backing member. 

[0033] The above-described vaives can also operate 
as pilot operated relief valves. 
[0034] In one embodiment of the present invention, 
the rigid layers are comprised of fully normalized clear 
cast acrylic, and the flexible layer is composed of silicon 
sheeting. Each of the rigid layers is about 0.10' to 0.25" 
thick and the flexible layer is about 0.01" thick and has 
a diameter of about 0.375". The fluid passageways have 
a diameter of approximately 0.02" and the concave sur- 
faces have a diameter of 0.156", a spherical radius of 
0.1 " and a depth of about 0.025". 
[0035] It is understood that the embodiments de- 
scribed hereinabove are merely illustrative and are not 
intended to limit the scope of the invention. It is realized 
that various changes, alterations, rearrangements and 
modifications can be made by those skilled in the art 
without substantially departing from the scope of the 
present invention. 



Claims 

1. A relief valve (100) comprising: 

first and second rigid layers (110,120) having a 
flexible layer (130) mounted therebetween and 
means forming a cavity on one side as welt as 
on the other side of the flexible layer, 

an inlet passage (121,122) and an outlet pas- 
sage (123,124) in communication with the cav- 
ity on the one side of the flexible layer (130), 

a control passage (111) opening into the cavity 
on the other side of the flexible layer (130), 

whereby the flexible layer (130) is movable into 
one extreme position in said cavity and the re- 
lief valve (1 00) comprises means (200) for pro- 
viding a first fluid pressure to the control pas- 
sage (111) to bias the flexible layer (130) into 
the one extreme position, 

and the inlet (121,122) and outlet (123,124) 
passages are prevented from communication 
when the flexible layer (130) is in the one ex- 
treme position, 

and the inlet fluid will flow from the inlet pas- 
sage (1 2 1 , 1 22) to the outlet passage ( 1 23, 1 24) 
when the pressure of the inlet fluid exceeds the 
first fluid pressure, 



characterized In that, 

the cavity on the one side of the flexible layer (1 30) 
has a concave surface (1 25) and 
a rigid backing member (1 40) is mounted on the oth- 
5 er side of the flexible layer (1 30), wherein the back- 
ing member (140) overlies the openings of the inlet 
port (1 22) and the outlet port (124) when the flexible 
layer (130) is in the one extreme position. 

10 2. The relief valve (1 00) according to claim 1 , wherein 
the inlet passage (122) opens into the cavity at a 
central portion of the concave surface (1 25), where- 
in the outlet passage (124) opens into the cavity at 
one side of the central portion of the concave sur- 
15 face (125). 

3. The relief valve (1 00) according to claim 2, wherein 
the concave surface (25') has a ridge (26) around 
the opening of the inlet passage (22*) to effect a seal 

20 with the flexible layer (1 30) when in the one extreme 
position. 

4. The relief valve (100) according to claims 1-3, 
wherein the rigid backing member (140) has a con- 

25 vex surface mounted on the flexible layer (1 30). 

5. The relief valve (1 00) according to claim 4, wherein 
the convex surface and concave surface (125) has 
the same curvature. 

30 

Patentanspruche 

1 . Druckausgleichsventil (1 00), umf assend: 

35 

erste und zweite starre Schichten (1 10, 1 20) mit 
einer dazwischen angeordneten biegsamen 
Schicht (1 30) und Mitteln zur Bildung einer Aus- 
hdhlung auf der einen sowie auf der anderen 
40 Seite der biegsamen Schicht, 

einen Einlass-Durchgang (121, 122) und einen 
Auslass-Durchgang (123, 124) in Verbindung 
mit der Aushohlung auf der einen Seite der 
45 biegsamen Schicht (130), 

einen Steuerungs-Durchgang (111), der sich in 
die Aushdhtung auf der anderen Seite der bieg- 
samen Schicht (130) offhet, 

50 

wobei die biegsame Schicht (130) in eine Extrem- 
posrtion in der genannten Aushohlung bewegbar ist 
und das Druckausgleichsventil (100) Mittel (200) 
umfasst, urn einen ersten Fluid-Druck auf den 
55 Steuerungs-Durchgang (111) zu ergeben, urn die 
biegsame Schicht (130) in die eine Extremposition 
zu verschteben, 

und die Einlass-(121, 122)- und Auslass-(123, 124) 
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-Durchgange daran gehindert werden, miteinander 
in Verbindung zu stehen, wenn sich die biegsame 
Schicht (130) in der einen Extrem position befindet, 
und wobei das Einlass-Ruid aus dem Einlass- 
Durchgang (121, 122) zum Auslass-Durchgang s 
(123, 124) fliesst, wenn der Druck des Einlass- 
Fiuids den ersten Fluid-Druck ubersteigt, 
dadurch gekennzeichnet, dass 
die Aushdhlung auf der einen Seite der biegsamen 
Schicht (130) eine konkave Oberflache (125) auf- 10 
weist und ein starres StOtzglied (1 40) auf der ande- 
ren Seite der biegsamen Schicht (130) montiert ist, 
worin das StOtzglied (140) uber die Offnungen des 
Einlass-Ports (1 22) und des Auslass-Ports (1 24) zu 
liegen kommt, wenn sich die biegsame Schicht 15 
(130) in der einen Extremposition befindet. 

2. Druckausgleichsventil (100) gemaB Anspruch 1, 
worin sich der Einlass-Durchgang (1 22) in die Aus- 
hdhlung an einem Zentralbereich der konkaven 20 
Oberflache (125) off net, worin sich der Auslass- 
Durchgang (124) in die Aushdhlung auf einer Seite 
des Zentralbereichs der konkaven Oberflache 
(125)dffnet. 

25 

3. Druckausgleichsventil (100) gemaB Anspruch 2, 
worin die konkave Oberflache (25') einen Grat (26) 
um die Offnung des Einlass-Durchgangs (22') her- 
um aufweist, um einen Verschluss mit der biegsa- 
men Schicht (1 30) zu bewirken, wenn sie in der ei- 30 
nen Extremposition vorliegt. 

4. Druckausgleichsventil (100) gemaB Anspruchen 1 
bis 3, worin das starre StOtzglied (140) eine konve- 

xe Oberflache aufweist, die auf die biegsame 35 
Schicht (130) montiert ist. 

5. Druckausgleichsventil (100) gemaB Anspruch 4, 
worin die konvexe und konkave Oberflache (125) 

die gleiche KrOmmung aufweisen. 40 



Revendlcattons 

1 . Soupape de decharge (1 00) comprenant : « 



ce par quoi la couche soupie (130) est mobile 
dans une position extreme dans ladite cavite et 
la soupape de decharge (100) comprend un 
moyen (200) pour foiirnir une premiere pres- 
sion de fluide au conduit (111) de commande 
pour rappeler la couche soupie (130) dans la- 
dite position extreme, 

et les conduits (121, 122) d'entree et (123, 124) 
de sortie ne peuvent pas communiquer iorsque 
la couche soupie (130) est dans ladite position 
extreme, 

et le fluide d'entree s'ecoule du conduit (121, 
122) d'entree vers le conduit (123, 124) de sor- 
tie Iorsque la pression du fluide d'entree depas- 
se la premiere pression de fluide, 

caracte>lsee en ce que, 

la cavite situee sur le premier cote de la cou- 
che soupie (130) presente une surface concave 
(1 25), et un element rigide (1 40) de renfort est mon- 
te sur ('autre cdte de la couche soupie (130), dans 
laquelle I'element (140) de renfort recouvre les 
ouvertures de I'orifice (122) d'entree et de I'ortfice 
(124) de sortie Iorsque la couche soupie (130) se 
trouve dans ladite position extreme. 

2. Soupape de s0ret6 (100) selon la revendication 1, 
dans laquelle le conduit (122) d'entree debouche 
dans la cavite au niveau d'une partie centrale de la 
surface concave (125), dans laquelle le conduit 

(124) de sortie debouche dans la cavite au niveau 
d'un cdte de la partie centrale de la surface concave 

(125) . 

3. Soupape de sOrete (100) selon la revendication 2, 
dans laquelle la surface concave (25') comporte 
une couronne (26) situee autour de I'ouverture du 
conduit (22') d'entree pour assurer une etencheit6 
avec la couche soupie (130) lorsqu'elle se trouve 
dans ladite position extreme. 

4. Soupape de surete (100) selon les revendications 
1 a 3, dans laquelle I'element rigide (140) de renfort 
comporte une surface convexe montee sur la cou- 
che soupie (130). 



des premiere et seconde couches rigides (110, 5. 
120) comportant une couche soupie (130) 
montee entre elles et un moyen form ant une ca- 
vite sur un cdte de meme que sur le cdte exte- so 
rieur de la couche soupie, 
un conduit (121, 122) d'entree et un conduit 
(123, 124) de sortie en communication avec la 
cavite sur le premier cote de la couche soupie 
(130), 55 
un conduit (111) de commande debouch ant 
dans la cavite sur I'autre cdte de la couche sou- 
pie (130), 



Soupape de surete (100) selon la revendication 4, 
dans laquelle la surface convexe et la surface con- 
cave (125) ont la meme courbure. 
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